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ABSTRACT
Recharge processes to the Memphis aquifer are poorly understood, but previous studies
show that rural stream gullies with sand bottoms are more efficient for recharge than in the
upland areas. The same is expected in urban streams where the Memphis Sand is exposed with
surrounding upland areas that have substantial urban land use. Water balance research in Sandy
Creek in Jackson, Tennessee, provides information regarding infiltration and potential recharge
to the Memphis aquifer that may be typical of urban stream valleys where sandy Coastal Plain
aquifers are exposed beneath fine-grained surficial deposits. Sixteen and one-half percent of the
Sandy Creek Westwood (SC-WW) watershed is covered by impervious surfaces and 54.5% of
the stream has incised down into the Memphis Sand and potentially will effect recharge to the
Memphis Sand. Recharge results from this study show 0.12-0.92 m/m2 of recharge occurred
through the study year September 2017 to 2018 and are similar to other recharge studies.
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CHAPTER 1 INTRODUCTION
The Memphis aquifer is a major source of water for municipal and industrial supplies in
the northern Mississippi embayment of the central U.S. (Brahana and Broshears, 2001).
Recharge occurs when water infiltrates the ground surface and percolates to the water table.
Recharge replenishes groundwater supplies that may later discharge at the surface or be pumped
for municipal, domestic, and industrial use. Recent studies indicate that the recharge to the
Memphis aquifer is limited by Quaternary loess and paleosols on upland surfaces in the exposure
belt of the Memphis aquifer (Larsen and Brock, 2014; Bursi, 2015). Despite the Memphis
aquifer’s importance, little information is available regarding recharge rates or processes in the
exposed unconfined region of the aquifer. Preliminary studies hypothesize that it could take as
long as 100 years for recharge to travel from the upland surfaces to the water table (Waldron et
al., 2008). In rural areas (Bursi, 2015) as well as in urban areas (Simco, 2018) of the exposure
belt, recharge occurs more efficiently in stream gullies with sand bottoms than in upland
surfaces. It is expected that in an urban stream with similar characteristics as the rural stream
studied by Bursi (2015) and in urban streams studied by Simco (2018) will exhibit similar
recharge processes. This study investigates hydrologic conditions in Sandy Creek, an urban
stream incised within the upland hills in Jackson, Tennessee, to evaluate recharge to the
Memphis aquifer by hydrologic balance and runoff characteristics.
The West Tennessee River Basin Authority (WTRBA) has done stream restoration
projects throughout West Tennessee since 2010 when they paired with the Nature Conservancy
as part of the Tennessee Healthy Watershed Initiative. These restoration projects aim to improve
stream conditions, but the impacts of restoration on subsurface hydrologic conditions and
recharge processes have not been studied. Recent studies in this area include investigations of
1

water balance and recharge processes in the upper reaches of a small incised urban stream
(Simco, 2018) prior to stream restoration, to be followed by post-restoration monitoring of
hydrologic conditions. The current study builds on previous work, and investigates most of the
Sandy Creek watershed, and as such, incorporates a larger watershed and more variety in land
use as well as more impervious areas and varying degrees of stream incision into the Memphis
Sand. The Sandy Creek site being observed in this study is designated for stream restoration in
the coming years. The results of this study will provide information regarding pre-restoration
hydrologic conditions that will be useful for assessing the post-restoration effects on stream
hydrology and recharge on a local scale.
1.1 Previous Work
The Memphis aquifer consists of the Eocene Memphis Sand, which varies from a coarse
to fine-grained, unconsolidated sand, with interbedded silt and clay depending on location (Parks
and Carmichael, 1990). This formation is bounded by confining units above and below the Upper
Claiborne confining unit (UCCU) (Cook Mountain and Cockfield formations) above and the
Flour Island confining unit beneath (Figure 1).
Although the Memphis aquifer is regionally confined in western Tennessee, it is also an
unconfined aquifer to the east of the confined region, due to the shallow northwesterly dip of the
strata (Brahana and Broshears, 2001). This results in 30-km to 60-km wide exposure belt to the
east of the confined regions. Parks and Carmichael (1990) suggest that recharge results from
infiltration of precipitation onto the outcrop.
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Figure 1 (A) U.S. map showing upper Mississippi Embayment, in reference to study site. (B) Map showing study site in
Jackson Tennessee, indicated by the star, in the unconfined region of the Memphis Aquifer. (C) Cross-section of sediments in
the Mississippi embayment along cross-section line A-A’ in Figure 1 (B). The study site of the star (Figure 1-B) is in the
same stratigraphic position as the red dot on the cross section (Figure 1-C).

Recharge beneath upland surfaces has been hypothesized to take as long as 100 years (Waldron
et al., 2008). However, little information is available on the specific processes.
Current information indicates that recharge rates of the Memphis aquifer vary spatially
across the region and include leakage mechanisms through the overlying confining Cook
Mountain Formation (Parks, 1990; Bradley, 1991; Brahana and Broshears, 2001; Larsen et al.,
2003; Koban et al., 2011). Discontinuous clay layers within the Memphis Sand could provide
another obstacle, diverting groundwater flow, further limiting recharge. Multiple factors limit
recharge in the area, but permeability of surface and subsurface soils may be the most important.
Recent geologic mapping and sedimentological analysis show that recharge to the aquifer may
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be limited by the Quaternary loess and a paleosol that overlies the upper surface of the Memphis
Sand aquifer in the exposure belt (Larsen and Brock, 2014). However, incised stream gullies in
the exposure belt contain surface exposures of the Memphis Sand. At these exposures, runoff and
precipitation are likely to recharge vertically (Bursi, 2015). Similarly, in the exposure belt in the
Jackson, Tennessee, area, small tributaries to the Forked Deer River were seen to be typically dry
except immediately following significant rainfall events (Bailey, 1993). The majority of recharge
is attributed to discharge losses in the streambed with little recharge passing through the silt-rich
soils of the upland surfaces (Simco, 2018). The stream bed in Simco’s study area has been
observed as only having water in it during and following storm events with the stream flow being
described as flashy.
The Sandy Creek watershed in this study is within an urban environment, which adds
impervious surfaces that decrease infiltration rates and increase evaporation and runoff. The
magnitude, location, geometry, and spatial pattern of impervious surfaces, and the perviousimpervious ratio in a watershed have hydrological impacts. Watersheds with large amounts of
impervious cover may experience an overall decrease of groundwater recharge and baseflow
discharge in urban streams and an increase of stormflow and flood frequency (Barringer et al.,
1994; Brun and Brand, 2000). An altered hydrograph with high peak flows and reduced baseflow
is the most obvious and consistent effect of catchment urbanization on stream hydrology. As a
result of increasing impervious cover in developing catchments, evapotranspiration and soil
infiltration are reduced. This decrease in ET and infiltration is caused by impervious surfaces
deflecting water to anthropogenic features (storm sewers, gutters, ditches, etc.) which drain
directly into streams. (Brabec, 2009). The result is higher peak discharges, flashier stream flows,
and reduced groundwater-surface water exchange with potentially an overall reduction in

4

groundwater recharge and hyporheic zone size (Groffman et al., 2003). Urban imperviousness
causes two impacts to low flows in streams: precipitation is deflected from infiltration; and
advective enhancement of evapotranspiration exacerbates the loss of groundwater, due to the
increase in heat from surrounding surfaces (Ferguson and Suckling 1990).
1.2 Research Hypothesis
Previous studies in west Tennessee have shown that recharge to the Memphis aquifer
occurs more efficiently in stream gullies with sand bottoms than upland surfaces. Sandy Creek is
expected to facilitate recharge more efficiently in the sand bottom stream gully where it has
incised into or near the Memphis Sand rather than through the upland surfaces, especially in the
upper reaches of the stream system. It is expected that stream flow will rapidly dissipate
following precipitation events with much discharge infiltrating into the stream bed. The amount
of recharge will be quantified from the amount of water that is not discharged from the study
site. The location of the study site in the recharge belt of the Memphis aquifer and having
exposure of the Memphis Sand along the stream are important factors for recharge. I hypothesize
that recharge rates to the Memphis aquifer will vary with degree of stream incision and the extent
of the stream to impervious surfaces in comparison to previous studies. Recharge will occur in
areas where the stream has incised through the silty alluvial and loess that sits on top of the
Memphis Sand and the silty alluvium deposits in the upland gullies; these areas have increased
permeability and transmissivity allowing for recharge to occur. Furthermore, I hypothesize that
water balance data collected in the Sandy Creek watershed, including precipitation,
evapotranspiration, stream discharge, and soil moisture data, can be used to estimate the recharge
to the underlying Memphis aquifer and it will be different from an upstream reach of Sandy
Creek and rural streams that have less impervious surface coverage.
5

1.3 Site Description
The research for this project was conducted in the urban Sandy Creek watershed in
central Jackson, Tennessee. Figure 2 shows where the watershed is located in Jackson,
Tennessee, and a digital elevation model revealing the different elevations within the Sandy
Creek watershed. This site was chosen for its location in the Memphis Sand exposure belt, which
comprises almost 25% of west Tennessee and acts as a recharge zone for the Memphis Aquifer
(Parks and Carmichael, 1990). The landscape of the site is a highly eroded ephemeral urban
stream in a deeply incised upland watershed. Lower terrace surfaces at the site are covered with
kudzu and are susceptible to erosion, whereas the upper terraces support large tree growth, which
provide additional soil stability. Portions of the watershed are located in residential, commercial,
and the medical

Figure 2 Area of study site in Jackson, TN (Left) and digital elevation model of the Sandy Creek watershed (Right) revealing
the different elevations within the watershed. The SC-MS watershed is outlined in green and the SC-WW is outlined in blue.
Note that the blue watershed encompasses the green watershed.
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district of Jackson, TN. The latter of the two likely contribute to high runoff rates and low
infiltration rates. The soils and sediments in the Sandy Creek watershed are highly erodible;
erosion has locally produced as much as 6.7 meters of relief between the upper terraces to the
streambed. The site where equipment was installed to record data is in the southwest area of the
watershed near Westwood Avenue (SC-WW) and a similar study previously done by Simco
(2018) is located near Muse street (SC-MS). The results found by Simco (2018) along with data
that was continously collected through out the duration of study at the SC-MS site were used in
comparison to the results found at the SC-WW site.
CHAPTER 2: RESEARCH METHODS
Hydrologic data from Sandy Creek have been collected since June 2017 and for the
purpose of this paper only data from September 2017 through September 2018 (study period)
was used in the water balance analysis. Over the course of the year hydrological data were
collected for soil moisture by soil moisture probes and neutron probe moisture measurements,
discharge estimates using stage-discharge relationships, and climate data from an on-site weather
station. Water-balance parameter measurements, including precipitation, stream discharge, and
evapotranspiration data, are used to calculate the water budget. Water level measurements taken
from a piezometer well on the low terrace were taken to record fluctuations of the water table
elevation to estimate recharge. Grain size analysis of soil and sediment of the high and low
terrace were done to understand how different soil types affect soil moisture during the year. A
visual stream assessment was conducted by walking the stream and recording where the stream
is incised into the Memphis Sand or the loess/alluvium that sits on top of the Memphis Sand.
Urbanization of the area was calculated using GIS and land cover data to understand where
infiltration was impeded.
7

2.1 Field Methods:
Precipitation, temperature, wind speed, wind direction, relative humidity, atmospheric
pressure, and solar radiation were measured using a Decagon EM50 Microclimate Monitoring
System (Decagon Devices, Inc., Pullman, Washington). The weather station at SC-WW was
placed on the high terrace in an unshaded area, whereas at SC-MS the station was placed on the
high terrace in a partially shaded area since that portion of the stream is more vegetated. Both
weather stations were set to record every 15 minutes and checked monthly to monitor conditions
during the study. Data from the weather station at SC-WW were compared to the weather station
data at SC-MS to see variations in evapotranspiration. Precipitation data from both SC-WW, SCMS, and local weather stations in and around the watershed were averaged together and
distributed over the watershed.
Soil moisture conditions at both sites were monitored by soil moisture and neutron probes
measurements. Decagon GS1 Ruggedized Soil Moisture Sensors were installed at 1.0- and 1.5meter depths below the surface on the high terrace at SC-WW, and at a 1.5 meter depth on the
high terrace at SC-MS. They were programmed to take measurements of volumetric water
content (VWC) in m3/m3 at 15-minute intervals and the data were downloaded monthly. These
probes have an accuracy of ±0.03 m3/m3 in typical soils and with soil-specific calibration ± 0.01
to 0.02 m3/m3 in any material. The probes used in this study were not calibrated to the soil at the
study site. Three-meter neutron probe boreholes were installed on the high and low terraces at
both sites. The water table was monitored at SC-WW by use of a piezometer in the low terrace
adjacent to the neutron-probe borehole and a 25-meter deep well on the high terrace at SC-MS.
Pressure transducers, set to record every 15 minutes, were installed in each well and manual
water level measurements were recorded monthly to ensure accuracy of the transducer data.
8

A Troxler 4300 soil moisture gauge was used to measure soil moisture content at each
location at both sites. The neutron moisture meter uses a radioactive Americium-241/Beryllium
pellet that emits high energy neutrons, which interact with water molecules in the soil column.
Neutrons from the probe enter the soil column and attain thermal equilibrium with the hydrogen
present in the water. The thermalized neutrons enter the detector and are registered as a count.
Using the factory calibration, the detected counts are converted into precise soil moisture
readings for each depth. The quantity of water is given as percent water by mass within the soil,
showing where water is being held in the column. One-minute readings were taken at 0.3-meter
increments in the neutron-probe boreholes located on the high and low terraces at SC-WW. The
Troxler 4300 soil moisture gauge at factory calibration has a precision of ± 0.024 g/cm3 for oneminute count time.
Cross-sectional area of the stream was measured monthly. A pressure transducer was
placed 10 cm deep into the streambed to measure stage height, which was used to calculate
stream discharge. In October 2017 a large scour had developed in the stream bed where our
equipment was placed and the transducer had to be moved to where it could be secured to the
gabion structure on the east side of the stream. Stream conditions were observed throughout the
study period during monthly visits. Sandy Creek only has flowing water in it during or
immediately after a rainfall event and flowing water was observed in the streambed during only
one site visit. The observed stream flow was recorded by the transducer and correlated with the
stage height that was manually measured using measuring tape. Stream slope was measured on
monthly trips by surveying upstream and downstream from the instrument cluster.
Soil descriptions were made on the high and low terraces from samples obtained from the
neutron probe boreholes and a monitoring well. The monitoring well at SC-WW was installed in
9

late May 2017 on the high terrace to a depth of 15.24 meters, but unfortunately resulted in
drainage problems and had to be removed. The installation provided detailed information about
the subsurface stratigraphy and the transducer in the well provided water table data from October
2017-Septemebr 2018. The abandoned monitoring well that was installed on the SC-WW high
terrace provided enough water level data to indicate groundwater was within a meter of the
streambed. The water level data obtained before its removal allowed for a 3.35 m piezometer to
be installed on the low terrace. The low terrace is 1.5 meters above the stream bed and is covered
by kudzu along the height of the banks and was cut away to allow the instruments to be installed.
The neutron probe boreholes were sampled at 0.3-meter depth increments to a total depth of 3.0
meters to analyze the soil texture at each site.
2.2 Data Analysis
Delineation of the watershed is necessary to accurately describe where runoff moves
through the system. The area of the watershed was obtained using LIDAR data for Madison
County imported into ArcMap 10.4 GIS software, where the data were converted into a Digital
Elevation Model (DEM). DEMs are useful in determining many different landscape
characteristics including the steepness and direction of hill slopes. Whereas the hill slopes can
predict the direction that water might flow, the DEM needs to compensate for depressions that
can retain water and distort the dimensions of the watershed, so the Fill tool was used to smooth
the flow direction of water off a hill slope. The stream was identified with the DEM and a Pour
Point was established as the terminus of the watershed and, in this case, is the location of our
study site near Westwood Ave where the discharge was being calculated. The Pour Point was
then used to create a polygon feature with the shape and area that represents the watershed of
Sandy Creek in this study.
10

Using data from the Multi-Resolution Land Characteristics Consortium’s (MRLC)
National Land Cover Database (NLCD) in ArcMap 10.4, a map was created classifying the land
use inside the watershed. The NLDC uses a 16-class land cover classification scheme that has
been applied consistently across the United States at a spatial resolution of 30 meters. NLCD
2011 is based primarily on a decision-tree classification of circa 2011 Landsat satellite data. The
land cover data were clipped to the watershed boundary and reclassified into six classes:
vegetated, open water, and four separate classes of development (open space, low, medium, and
high intensity). Each class of developed land cover has a percent impervious surface associated
with it and is used to estimate runoff and infiltration capacity. The ranges of impervious surfaces
for each development class are: 0-20% for open space, 20-49% for low intensity, 50-79% for
medium intensity, and 80-200% for high intensity. The new raster was then converted into
polygons and edited to be more accurate based on satellite imagery and field assessment. The
polygons were merged together based on their class giving a total area of each class which is
weighed against the total watershed for a percent of each land cover class. Four random areas
were selected within the watershed and polygons were digitized over the actual impervious
surfaces that can be seen from the satellite imagery; after calculating the total areas, a percent
area of the NLDC data and the digitized impervious areas were compared to each other to assess
accuracy.
The hydrologic balance of SC-WW site was calculated using an equation where the
difference between the water that comes into the system and the water leaves the system will
result in the change of storage over the time period of the study. Hydrologic balance is
represented by the equation: R = P – ET – RO + ΔS, where R is recharge, P is precipitation
(inflow), ET is evapotranspiration, RO is runoff (outflows), and ΔS is change in storage of soil
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water in the vadose zone (Sophocleous, 1991). The inflows that enter Sandy Creek watershed
are precipitation and runoff from impervious surfaces. Precipitation involves all of the water that
falls on the land that will eventually feed into the stream and be discharged if unimpeded. The
water that leaves the watershed is referred to as outflows: evapotranspiration and discharge. Due
to the size of the watershed, evapotranspiration data from the weather stations located at the SCWW and SC-MS sites used in this study were averaged together and distributed throughout the
watershed.
Discharge was quantified by measuring the cross-sectional area of the stream at the study
site, surveying the channel at this location to determine slope, using a pressure transducer in the
stream bed to determine the height of the flowing water at 15-minute intervals, and assessing the
geometry of the streambed. The parameters measured were used to calculate the velocity of
water using the Manning equation (Equation 1) for open-channel flow (Manning, 1891). The
Manning velocity multiplied by the cross-sectional area results in the amount of water being
discharges. Manning’s n represents the roughness coefficient that is determined by the streambed
composition. S is the slope of the channel where the flow rate was calculated. The flow in Sandy
Creek is a uniform steady allowing the slope of the channel to approximate the slope of the water
surface. R represents the hydraulic radius and was calculated by dividing the cross-sectional
area of flow by the wetted perimeter of the channel. Stage height data were used to prepare a
synthetic stream rating curve by which stage data at 0.2-meter increments were used to calculate
the approximate discharge. Stage height data were collected at 15-minute intervals and
calculated flow rates were assumed constant throughout the interval. Inaccuracies in
measurement of the stream cross-section or stream slope, errors from the transducer caused by
fluctuations of barometric pressure or temperature could cause potential error in the calculated
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results. To account for these potential sources of error, a 10% error was assigned to all discharge
calculations. A third study conducted by Dr. Claudio Meier measures discharge more rigorously
using a rating curve and provides data to compare the results from the Manning equation
calculations to assess accuracy.
The other outflow is evapotranspiration that was calculated using a modified PenmanMonteith equation (Equation 2) from parameters obtained from the onsite weather station
averaged with data from SC-MS. The equation for calculating evapotranspiration is valid where
ETO = reference evapotranspiration rate (mm/d), T = daily mean air temperature (°C), and u2 =
wind speed (m/s) at 2 m above the ground, Rn = net radiation at the crop surface (MJ/m2d), G =
soil heat flux density (MJ/m2d), es = saturation vapor pressure (kPa), ea = actual vapor pressure
(kPa), es – ea = saturation vapor pressure deficit (kPa), Δ = slope of the vapor pressure curve
kPa/°C, γ = psychrometric constant (kPa/°C). This modified Penman-Monteith equation can be
applied using hourly data if the constant value “900” is divided by 24 for the hours in a day
(Zotarelli et al., 2010). The Penman-Monteith method uses grass for a reference crop, which
could introduce error into the calculations because of seasonal growth rate variation and the fact
that grass was not the only land cover within the watershed and a portion of the watershed is
covered by urban sprawl.

1 2
𝑉 = (𝑅 3 )( 𝑆)
𝑛

n: Manning Coefficient
S: slope of the bottom of the channel
𝐴
R: ( ): hydraulic radius
𝑃
A: cross sectional area
P: wetted perimeter
Equation 1 Manning Equation for open-flow channel.
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900
0.408∆(𝑅𝑛 − 𝐺) + 𝛾 𝑇 + 273 𝑢2 (𝑒𝑠 − 𝑒𝑎 )
𝐸𝑇𝑂 =
∆ + 𝛾(1 + 0.34𝑢2 )
Equation 2 Penman-Monteith equation for calculating evapotranspiration.

The change in soil moisture storage for the duration of the study was calculated on a
monthly basis for approximately one year. Neutron probe readings at 0.3-meter intervals were
compared to the previous month’s readings to obtain a value indicating whether the soil gained
or lost moisture for that month. Comparing the neutron probe measurements from the beginning
and the end of the study year gives the overall change in soil moisture for the year. The amount
of water that can be stored in soil becomes negligible in the water balance equation as the length
of time increases due to the magnitude of the Inflows and Outflows (Sophocleous, 1991).
Assuming the change in soil moisture for the study duration is negligible and there are no
artificial discharges into the watershed, then the difference between the inflows and outflows is
expected to be contributions to groundwater supplies. If this assumption is not true or there were
discharges from homes or businesses, then the water balance would be higher or lower.
Changes in the water table were recorded at 15-minute intervals by a pressure transducer
hung in the well on the low terrace. The transducer data were validated with manual water level
measurements taken on monthly visits to the site. Yearly variations in water table elevation can
be used to estimate recharge by use of the water-table-fluctuation (WTF) method. The WTF
method is based on the premise that rises in groundwater levels in an unconfined aquifer are due
to recharge arriving at the water table. The WTF method is best applied for short-term waterlevel rises that occur in response to individual storms (Healy and Cook, 2002). Fluctuations in
the water table throughout the year will give another estimate of recharge to compare to the
water balance data.
14

2.3 Laboratory Methods
Grain size analysis was completed at the University of Memphis soil laboratory.
Representative samples from each neutron probe borehole were bagged on site and transported to
the laboratory. Samples were passed through a 50/50 splitter to attain a randomized 50g sample
for processing. One sample from the high terrace contained chunks of asphalt too large for the
splitter and a 100g sample was obtained by quartering. Water and sodium pyrophosphate were
added to the sample to removed clumps, and then placed on a shaking table for no less than 12
hours to ensure mixing. After the shaking was completed, the samples were passed through a
wet sieved through a 4 φ (63 μm) sieve to separate the clay and silt components from the sand
fraction of the sample; the dried residual was weighed to determine the “fines” portion of the
overall sample. The sand fraction was separated by shaking through sieves from size -2 phi to 4
phi in 0.5-phi increments to produce an overall grain size distribution for each sample.
Cumulative grain size curves were created to display the grain-size distribution of each sample.
A more detailed description of these procedures is provided in Appendix A.
CHAPTER 3: RESULTS
3.1 Geomorphology and Stratigraphy
Sandy Creek is an ephemeral urban tributary to the South Fork of the Forked Deer River
in the central part of West Tennessee. The landforms in the study area include upland surface
that makes up the majority of the watershed and two terraces that are located within close
proximity to the creek. The high terrace and upland surface support large tree and kudzu growth,
as well as the urban development that makes up Jackson, Tennessee. The low terrace supports
kudzu growth and is susceptible to erosion and discontinuity.
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Figure 3 The high and low terraces at the SC-WW site. (A) Photo of the SC-WW site taken from the Westwood Ave. bridge
looking south in October 2017. (B) Photo of the SC-WW site taken in the stream bed looking west in February 2018.

The high and low terraces are separated by an abrupt terrace riser slope that exposes the
alluvium of the high terrace (Figure 3A). Figure 3B shows that the low terrace is inset in the high
terrace. In places where the stream has incised into or removed the low terrace, exposures of the
Memphis Sand are present along the creek. Due to the location of the study site being in an
urban area, as opposed to being in a more natural part of the creek, soil profiles of the high and
low terrace as well as the upland surfaces were not able to be recorded due to heavy kudzu
growth and gabion structures covering up the terrace walls. Field descriptions and laboratory
analyses of these landforms in the upstream portion of the Sandy Creek watershed by Simco
(2018) found the soil beneath the high terrace and upland surface comprised a thin (~3 cm) layer
of organics overlying weakly developed soil horizons in silt-rich material with small to medium
sized roots. The high terrace and upland surface soils are composed mainly of a mixture of silt
and clay. The low terrace is composed of sand with no organics present with a deep sample
having almost 99% sand, characteristic of the Memphis Sand Formation. The Memphis Sand is
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exposed in the stream bed where the low terrace is not present, underlying silt-rich fluvial
deposits with abundant organic matter.
3.2 Sediment Description
Stratigraphic columns were prepared for each neutron borehole location (grain-size
distributions are provided in Appendix B). The stratigraphy of the high-terrace borehole (SCWW-HT) consists of silty alluvium (Figure 4). The first sample is from the surface to 0.3 m and
consists of brown silt, with clay, and trace amounts of fine-grained sand with abundant small to
medium-sized roots throughout. The second sample is from 0.3-0.6 m and is similar to sample 1,
but also includes large chunks of asphalt dispersed throughout the interval (Figure 4a). The third
sample from 0.6-0.9 m consists of brown silty loam with fine to medium-grained sand sparsely
distributed throughout. The fourth sample (0.9-1.2 m) has a brown to strong brown color
consisting of fine- to medium-grained sandy silt. The fifth sample (1.2-1.5 m) is composed of
brown, fine- to medium-grained sand with some silt (Figure 4b). The sixth sample (1.5-1.8 m) is
brown, medium- to coarse-grained sand and some silt. The seventh sample (1.8-2.1 m) is brown
to dark brown, silty sand with fine- to medium-grained sand. The eighth sample (2.1-2.4 m) is
brown to strong brown, silty fine to medium-grained sand with a higher percentage of silt than
sample seven. Sample nine (2.4-2.7 m) is reddish yellow, sandy clay with fine- to mediumgrained sand throughout. Sample ten (2.7-3.0 m) is reddish yellow, sandy clay with fine- to
medium-grained sand distributed throughout (Figure 4c). Samples seven and eight were partially

17

saturated with water, whereas sample nine and ten were moderately saturated.

Figure 4 SC-WW High terrace (SC-WW-HT) soil stratigraphy column and representative cumulative grain-size curves for
Sandy Creek, Jackson, Tennessee. Grain sizes: Cl – clay, Si – silt, VF – very fine-grained sand, F – fine-grained sand, M –
medium-grained sand, C – course-grained sand.

Grain-size analysis of the SC-WW-HT samples indicates that they are mostly finegrained sand, silt, and clay, having high amounts of finer sediments in the deepest samples.
Grain-size analysis for the surface sample (Figure 5a) yielded a mean grain size of 3.44φ (very
fine-grained sand) with 74.29% of the sample being smaller than 4.0φ (very fine-grained sand).
The majority watershed’s surface is covered in fine sediments and this sample is likely
representative of surface deposits in the watershed. At 0.9 m depth (Figure 5b), grain size
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analysis shows similar characteristics with a mean grain size being 3.16φ (fine-grained sand), but
sediment at this depth has less silt and clay, with only 55.62% of the sample being smaller than
4.0φ. At the 2.1 m depth (Figure 5c), the abundance of sand increases relative to shallower
samples, with the mean grain size being 1.50φ (coarse-grained sand) and a lower quantity of
fines with only 13.38% of the sample being smaller than 4.0φ. The deepest samples (Figure 5d)
at 2.7 m and 3.0 m depths resemble the top layers of the HT. The depth at 2.7 m has a mean
grain size of 3.50φ (fine-grained sand) and 77.49% of the sample is smaller than 4φ, whereas the
sample at 3.0 m has a mean grain size
(a)

(b)

(c)

(d)

Figure 5 Cumulative grain size curves for samples taken at the high terrace location on Sandy Creek, Jackson, Tennessee. (a)
Cumulative grain size curve for the surface-0.3 m sample; (b) Cumulative grain size curve for the 0.9 m sample; (c)
Cumulative grain size curve for the 2.1 m sample; and (d) Cumulative grain size curve for the 2.7 m sample.

of 2.92φ (medium-grained sand) and 43.93% of the sample is smaller than 4φ. The interval of
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the HT borehole between 2.4-3.0 m is interpreted to be a buried A soil horizon due to the
increase of silt-clay and the presence of soil structure.
The stratigraphy of the low-terrace borehole (SC-WW-LT) (Figure 6) consists of sandy
alluvium overlying the Memphis Sand. Sample 1 (0-0.3 m) is light brown, silty fine- to very
fine-grained sand with black organics (Figure 6a). Sample 2 (0.3-0.6 m) is light brown, silty finegrained sand with black organics throughout. Sample 3 (0.6-0.9 m) is brown, fine- to very finegrained sand, bearing more clay than observed in samples one and two. Sample 4 (0.9-1.2 m) is
brown, fine- to very fine-grained sand with some clay. Sample 5 (1.2-1.5 m) is brown, fine- to
medium-grained clayey sand. Sample 6 (1.5-1.8 m) is yellowish red, fine- to medium-grained
clayey sand (Figure 6b). Sample 7 (1.8-2.1 m) is yellowish red, medium- to coarse-grained sand
with dispersed iron oxide (FeOx) pebbles. Sample 8 (2.1-2.7 m) is yellowish red, fine- to
medium-grained sand. Sample 9 (2.4-2.7 m) is reddish yellow, fine- to medium-grained sand.
Sample 10 (2.7-3.0 m) is yellow, fine- to medium-grained sand (Figure 6c). Sample six was
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slightly saturated with water, sample seven moderately saturated, and samples nine and ten fully
saturated.

Figure 6 SC-WW low terrace (SC-WW-LT) soil stratigraphy column and representative cumulative grain-size curves for
Sandy Creek, Jackson, Tennessee. Grain sizes: Cl – clay, Si – silt, VF – very fine-grained sand, F – fine-grained sand, M –
medium-grained sand, C – course-grained sand.

Grain-size analysis of SC-WW-LT samples indicates that they are mainly sand with
lower quantity of fines than observed in the SC-WW-HT borehole. However, samples from the
top half (0-1.5 m) of the LT have 12%-40% fines and very fine- to fine-grained sand. The bottom
half of the SC-WW-LT borehole (1.5-3 m) has a range between 4%-9% fines and fine- to
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medium-grained sand. The interval between 1.8-2.1 m has a mean grain size of 0.9 φ (very
coarse-grained sand), due to iron-oxide pebbles found in the sample. The iron-oxide pebbles are
commonly observed at the base of the alluvium (Simco, 2018), indicating that the Memphis Sand
is present below 2.1 m with the grain size in the deepest sample being 1.7 φ (coarse-grained
sand) (Figure 6c).
A stratigraphic column (Figure 7) was created from drilling notes and samples taken
during installation of the monitoring well on the SC-WW-HT, which was later removed due to
drainage problems. Samples were taken from the auger flights at 1.5 m intervals and Shelby
tubes collected at the depths of 4.5 m, 9.1 m, and 13.7 m. The SC-WW-HT is composed of 6.7
m of upper silty alluvium and 3.0 m of sandy lower alluvium, which overlie the Memphis Sand.
The samples at 1.5 m and 3.0 m below the surface are brown, silty fine- to medium-grained sand.
This sample is similar to material from the same depth in the SC-WW-HT neutron probe
borehole. The Shelby tube sample from 4.5-5.1 m (113.1-112.5 masl) returned pale brown, silty
clay sand to strong brown, sandy silt in 1.0 to 1.5 cm fining upwards beds, with light to dark
mottling throughout. The sample at 6.09 (111.61 masl) returned dark yellowish brown, sandy
clay with few iron pebbles. The sample at 7.6 m (110.1 masl) returned dark yellowish brown,
sandy clay with mostly medium-grained sand and 0.9 m of water saturation. These two samples
are similar to that observed at the corresponding intervals in the SC-WW-LT neutron probe
borehole. The sample at 9.1 m (108.6 masl) returned a non-representative sample due to the
borehole caving in from water saturation. The Shelby tube at 9.1-9.7 m (108.6-107.9 masl)
returned white to pale brown, fine-grain moderately sorted sand with horizontal cm-thick bands
of olive yellow bedded to cross-bedded sand. No returns were available at 10.6 m and 12.2 m.
The Shelby tube sample at 13.7-14.3 m (103.9-103.37 masl) returned white, moderately sorted,
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medium-grained sand with round to sub rounded grains. The last sample at 15.2 m is light yellow
brown to brownish yellow, medium- to coarse-grained sand. Water-saturated samples were
obtained below 7.6 m depth, equating to a water table elevation of 111 m above sea level.

Figure 7 Stratigraphic column and cumulative grain size curves of Shelby tube samples obtained from installation of the SCWW-HT monitoring well at Sandy Creek, Jackson, Tennessee. Horizontal lines are bedding surfaces, dashed where faint and
light gray where interval to a given bed. Dispersed fine circles are chert pebbles. Water table is indicated by triangle with
lines beneath. Grain sizes: Cl – clay, Si – silt, VF – very fine-grained sand, F – fine-grained sand, M – medium-grained sand,
C – course-grained sand, VC – very course-grained sand, P- pebble size grains.

3.3 Stream Incision
Stream incision was mapped by walking the main channels and tributaries of Sandy
Creek and recording the stream bed material and classified into Memphis Sand, loess or
alluvium, concrete culvert, or riprap. The stream-bed mapping was done in the winter of 2018 so
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vegetation growth was minimal and outcrops were visible. Figure 8 is a map of the channel
distribution produced in ArcMap 10.4 showing classification of the stream material. The map
shows that the majority of the stream is in contact with the Memphis Sand in the southern and
eastern parts of the watershed. The eastern part of the watershed is predominately forested with a
small amount of urbanization, which has allowed the stream to incise further into the underlying
Memphis Sand. However, the western part of the watershed has a large amount of urbanization
and the channel has been structured to flow over riprap and concrete culverts under the medical
district and have no contact with the Memphis Sand. Sections of the stream that are at or near
the headwaters or that are in residential
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Figure 8 Map of channel contacts in the Sandy Creek watershed Jackson, Tennessee.

areas had little incision, only dissecting the loess or alluvium. Table 1 shows the total length of
the stream and stream bed contact percentage. Fifty-four percent of the entire stream in this
study’s watershed is in contact with the Memphis Sand, whereas 33.0% is in contact with
loess/alluvium, and the remaining amount is with in contact with a concrete culvert (5.3%) or a

25

riprap section (7.2%).

Table 1 Length and Percent of stream incision.

Stream Contact
Concrete Culvert
Memphis Sand
Loess/Alluvium
Riprap
Total Stream Length

Length (m)
709
7229
4379
949

% Length
5.3
54.5
33.0
7.2
13266

3.4 Land Cover and Impervious Surfaces
Land cover classification was determined by clipping a raster made from 2011 NLCD
data to the watershed and reclassifying the data into six different classes; vegetated, open water,
and four separate classes of development (open space, low, medium, high intensity). Figure 9
shows that the majority of the urbanization is centered on the medical district in the southwestern
part of the watershed and a shopping district in the northwestern part of the watershed. The
center and bottom of the watershed are predominantly residential neighborhoods and are
classified as low intensity development or open space development.
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Figure 9 Map displaying the different classes of landcover for SC-WW.

The NLCD classification of developed spaces includes a percentage range of impervious
surfaces that make up each developed land cover. Table 2 shows the total area of each land cover
class and the associated amount of impervious surfaces within the watershed. The land cover in
SC-WW watershed is classified as 45.07% forested, 0.14% open water, 28.17% open space,
15.49% low intensity development, 7.04% medium intensity development, and 4.23% high
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intensity development. The NLCD data assigned a range of impervious surfaces for each class
of development shown in Table 2 in the column “I.S. Range”, allowing for determining a low,
medium, and high percent estimate of impervious surfaces for each developed class. This was
done by finding the low, medium, and high percent of impervious surfaces per the % land
cover’s area. Applying this same method to calculate the area of impervious surfaces for the SCMS watershed resulted with the totals of 77.2% forested, 0% open water, 16.4% open space,
9.3% low intensity development, 0.3% medium intensity development, and 0.3% high intensity
development.
Table 2 Land use classifications with ranges of percentage of impervious surfaces associated with each use and the area each
class covers for the SC-WW (top) and the SC-MS (bottom) watersheds in Jackson, Tennessee. Impervious area percentage is
evaluated for low, medium and high range values as a percentage of total area the land use occupies in the watershed.
SC-WW
Land Use
Forested
Open Water
Developed, Open Space
Developed, Low Intensity
Developed, Medium Intensity
Developed, High Intensity
Totals

Area (km²)
% Land Cover
3.2
45.1
0
0.1
2.0
28.2
1.1
15.5
0.5
7.0
0.3
4.2
7.1

I.S. Range

Area (km²)
% Land Cover
0.9
77.2
0
0
0.2
16.4
0.1
9.3
0.0031
0.3
0.0033
0.3
1.2

I.S. Range

Low I.S.

0
0
<20
20-49
50-79
80-100

0
0
1
20
50
80

Low % I.S.
0.0
0.0
0.3
3.1
3.5
3.4
10.3

Middle I.S.

Low % I.S.

Middle I.S.

0
0
10
34.5
64.5
90

Middle % I.S.
0.0
0.0
2.8
5.3
4.5
3.8
16.5

High I.S.

Middle % I.S.
0
0
1.6
3.2
0.2
0.2
5.3

High I.S.

High % I.S.
0
0
19
49
79
100

0
0
5.4
7.6
5.6
4.2
22.7

SC-MS
Land Use
Forested
Open Water
Developed, Open Space
Developed, Low Intensity
Developed, Medium Intensity
Developed, High Intensity
Totals

Low I.S.

0
0
<20
20-49
50-79
80-100

0
0
1.0
20
50
80

0
0
0.2
1.9
0.1
0.2
2.4

0
0
10
34.5
64.5
90

High % I.S.
0
0
19
49
79
100

3.5 Climate Data
Climate data were recorded from two weather stations installed on the HT within the
Sandy Creek watershed, one at each the SC-MS and SC-WW sites. Two additional weather
stations, KTNJACKS16 and KTNJACKS16, are private stations located within or just outside
the watershed. Data from these stations are used for comparison and to calculate average
monthly totals of precipitation for the entire watershed in the water budget analysis. Figure 10
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shows the location of each weather station within the watershed. The private weather stations
were chosen due to their proximity to the watershed and because they had the most continuous
complete data records within 10 km of the watershed for the observation period.
Precipitation data (Figure 11) show seasonal variation for the September 2017-September
2018 observation period, with more consistent precipitation events occurring during the winter

Figure 10 Map of the SC-WW watershed with locations of weather stations.

and spring and periods with little to no precipitation during the late summer and early fall. The
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six-year mean annual precipitation and temperature are 1482.60 mm and 14.8°C, respectively, as
calculated from data measured at K3JAE’s weather station in Bruceton, Tennessee. These sixyear annual means are lower than the total precipitation (2288.80 mm) and
120.00
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Figure 11 Temperature (˚C) and precipitation (mm) data from the weather station on the SC-WW-HT site in Jackson,
Tennessee. Temperature values were averaged on a daily basis then plotted (red) on the graph. Precipitation values were
produced from the total amount of precipitation recorded for each day and plotted (blue) on the graph.

mean daily temperature (16.96°C) of the weather station located at the SC-WW-HT site during
the September 2017 - September 2018 observation period. Total precipitation for September
2017- September 2018 recorded in the SC-WW watershed weather stations is: SC-WW-HT,
2288.80 mm; KTNJACKS17, 2329.80 mm; KTNJACKS16, 2336.00 mm; and SC-MS, 2435.63
mm. The average precipitation of all four weather stations is 2347.56 mm for the study period.
The three weather stations located on the western side of the watershed have roughly the same
precipitation recorded for the year, whereas that on the eastern side (SC-MS) is slightly higher
than the others. Monthly totals for each weather station and the average are plotted in Figure 12a.
Evapotranspiration (ET) was calculated by applying daily mean air temperature, net solar
radiation, and wind speed data to a modified Penman-Monteith equation. The ET calculations
30

Precipitation

500.0

Precipitation (mm)

400.0
300.0

200.0
100.0
0.0
Sep-17

Oct-17

Nov-17

Dec-17

SC-WW

Jan-18

SC-MS

Feb-18

Mar-18

Apr-18

KTNJACKS16

May-18

KTNJACKS17

Jun-18

Jul-18

Aug-18

Sep-18

Aug-18

Sep-18

Average

Evapotranspiration
140.00

Evapotranspiration (mm)

120.00

100.00
80.00
60.00
40.00

20.00
0.00

Sep-17

Oct-17

Nov-17

Dec-17

Jan-18
SC-WW

Feb-18

Mar-18
SC-MS

Apr-18

May-18

Jun-18

Jul-18

Average

Figure 12 Monthly totals and averages for precipitation and evapotranspiration from Sandy Creek. (a) Monthly precipitation
totals (mm) and the average of data from weather stations SC-MS_HT and SC-WW-HT and 2 private weather stations,
KTNJACKS16 and KTNJACKS17. (b) Monthly totals (mm) and average of evapotranspiration from the SC-MS-HT and
SC-WW-HT weather stations.

are made in the DataTrac software on a 15-minute basis for both the SC-MS and SC-WW
weather stations. ET values from the two weather stations were averaged and plotted in Figure
12b. The SC-WW-HT weather station is in an open field with no tree cover, whereas the SC-MSHT weather station is in a wooded area with a moderate amount of trees and kudzu surrounding
it. The average ET values used in the water budget analysis will give a better representation of
the ET occurring throughout the watershed given that the two research weather stations represent
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end-member land cover configurations Monthly evapotranspiration totals from the SC-MS-HT
and SC-WW-HT weather stations and the average are plotted in Figure 12b.
3.6 Discharge
Discharge in Sandy Creek is calculated based on stage data measured in a pressure
transducer buried in the stream bed between the HT and LT instrument clusters at the SC-WW
site. The pressure transducer data are compensated for weather-related changes in barometric
pressure from the SC-WW-HT weather station. Data from each monthly download were used to
create a new baseline, using the compensated transducer pressure at the time of reinstallation in
the stream as the starting condition. The instream transducer was buried in the stream bed from
June 2017-October 2017 and the data showed low-flow conditions for prolonged periods when
no flow was observed during monthly site visits. During this period the transducer recorded
saturation levels below the streambed rather than actual stage height in the stream. A threshold of
0.05 m was established to eliminate false positive stage height readings, and if this threshold was
not met a stage height of zero was entered in the data record. Due to the scour forming in the
stream bed in October 2017 the transducer was moved and buried next to the gabion structure
where it remained collecting data until the end of the study. No-flow conditions continued to be
recorded even though the stream bed had a stagnant pool that at times slightly submerged the
transducer.
Flowing water was only observed once during monthly data collection. High volume
discharge events were evident by displacement of large logs, formation of m-size scours, and
high water marks left along the banks. Transducer data recorded that during large precipitation
events the water can be as much as 2.1 to 2.4 m deep.
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Cross-sectional geometry of the channel varied throughout the year depending on the
degree of stream-bed scour present (Figure 13). The stream bed was scoured out from September
2017 through February of 2018 and was filled in by March of 2018. Scouring of the stream bed
is most likely from the stream experiencing large flashy flow and a sill of concrete located just
downstream of the instrument installations. Measurement of the cross sections was made as
accurately as possible yet unavoidable slack in the tie line from which all depths were measured
could cause and underestimate of depth in the middle of the stream. The cross sectional area was
combined with the stage height data to calculate the hydraulic radius of the channel for a given
stage height. The hydraulic radius and wetted perimeter were used to evaluate average flow
velocity from the Manning equation and were determined by using these cross-sectional
measurements by defining the parts of the channel affected by flowing water at stage height
increments of 0.2 m. In cases where the stream bed had been scoured, the cross section from
August 2017 was used instead as it was the most representative of the normal stream bed and
consistent with flow elevation of the downstream sill. During the months when a pool of water
was present in the scour either no water or an extremely small trickle of flowed over the sill. The
trickle of water during these periods is inconsequential to the overall water budget.
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Figure 13 Cross-sectional measurements of channel geometry taken at the SC-WW site in Jackson, Tennessee.

The roughness coefficient 0.03 was used in calculating velocity using the Manning
equation for open channel flow. This value was chosen because the overall channel was
generally free of stones and weeds, and did not have any deep flowing pools (Chow, 1959). Two
upstream and two downstream survey spots were used to accurately measure the slope of the
stream bed. Stream slope measurement results were statistically similar throughout the year with
a standard deviation of 0.003, so an average of the four values, 0.0061, was used to represent
stream surface slope in the Manning equation. Discharge data were regressed against stage
values to determine a synthetic rating curve for each month (Figure 14). The measured stage
heights were used with the synthetic rating curve for that month to calculate the discharge
(Figure 15).
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Discharge calculations for synthetic stage
7/25/2018

Figure 14 Synthetic rating curve and calculations for discharge at varying stage heights.

The flow rates were assumed constant between each 15-minute stage height
measurement. Discharge rates at the terminus of the watershed in relation to precipitation data
for the watershed in Figure 16 show that stream flow events were closely linked with major
rainfall events, although some smaller precipitation events do not result in flow in the stream.
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Figure 15 Stage height (m) in green and discharge (m3/s) in red from July 2018 for SC-WW site in Jackson, Tennessee. Stage
height data were collected from the pressure transducer installed in the stream bed. Discharge values were determined from a
synthetic rating curve based on assumed cross-sectional area and velocity.
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Figure 16 Discharge data (red) and precipitation data (blue) for the SC-WW site. (A) Precipitation and discharge data from
December 2017 displays discharge response to precipitation. December’s discharge has consistent responses to rainfall with
the last event producing large discharge over a few days. (B) Discharge data are displayed from April 2018 showing
instances with no response to precipitation since the threshold for discharge was not reached.

3.7 Soil Moisture
Soil moisture was measured continuously by soil moisture probes and monthly with a
neutron probe. Volumetric water content (VWC) was measured by two Decagon ECH2O GS 1
soil moisture probes located on the high terrace at the Sandy Creek Westwood site. Soil moisture
was low at the beginning of the study period and increased throughout the winter until it peaked
in March, 2018 (Figure 17). April 2018-September 2018 soil moisture shows response to
precipitation events but the baseline soil moisture decreases during the summer months. The 1.0
m probe had a more intense response to precipitation than the 1.5 m probe does as well as having
a sharper decline in moisture, most likely due to the moisture infiltrating through the soil or
being removed by ET.
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Figure 17 Soil moisture data from the SC-WW-HT site.

The 1.5 m probe does not experience as much of a response due to precipitation as the 1.0 m
probe does, nor does it experience as sharp of a decline of water content as the 1.0 m probe. This
is most likely due to the limited effects of ET at 1.5 m depth.
Neutron Probe moisture content in percent water mass was recorded at the SC-WW site
by a neutron probe from depths of 0.5 m to 3.0 m in the SC-WW-HT and SC-WW-LT roughly
once a month beginning in September 2017 and ending in September 2018 (Figure 18). The data
collection dates are color coded with the time of the year and the triangle markers are for 2017
months and circle markers are for 2018 months. The high terrace shows a similar pattern of
moisture retention with depth throughout the year. The HT holds more water during the winter
months and less during the summer and fall months, exhibiting a seasonal drying trend. This is
reflected in the precipitation and ET data collected at the SC-WW-HT site. The SC-WW-LT site
exhibited a similar drying trend with the winter and spring months having more moisture. This
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Figure 18 Neutron probe data for the high and low terrace sites at SC-WW site in Jackson, Tennessee.

location shows more variance with soil moisture than the HT does. The data points at 2.6 m and
2.8 m are all practically the same due to being in the water table or capillary fringe, thus having a
consistent moisture content.
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3.8 Water Table Fluctuations
The pressure transducer was hung on a wire to a depth of 3.4 m in the SC-WW-LT
piezometer to keep it below the water table throughout the year. The pressure transducer data in
the well were compensated for weather-related changes in barometric pressure from the SCWW-HT weather station. Water level measurements with an electronic water level meter were
made on monthly trips when downloading the data from the transducer in the well to verify the
level the transducer was recording (Figure 19).
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Figure 19 Transducer data and water level measurements from the low-terrace well at SC-WW in Jackson, Tennessee.

The water table is responsive to precipitation events resulting in spikes in the water level
during moderate to intense rainfall events. The water table level shows a rise and fall pattern
with seasonality with increasing elevation in the beginning of the wet season and peaking in
March 2018. The level reached in March 2018 remained consistent midway through the dry
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season until August 2018 when it began to fall. Over the course of this study the elevation of the
water level in the SC-WW-LT well rose 1 meter during the wet months. The SC-WW-LT is
comprised of a mostly medium to fine grained sandy alluvium that overlies the Memphis Sand,
resulting in a range of porosity of 0.26 to 0.49. Sediment samples from the SC-WW-LT were
collected using a hand auger, which did not allow for sampling precision due to the possibility of
sediments falling into the borehole and skewing the grain-size distribution. With that in mind,
assuming a low estimate of porosity of 30% results in 0.3 m of elevation change in the water
table during this study. Assuming no drainage to the Forked Deer River, 0.3 m is a crude
estimate of increase in water level due to recharge.
3.9 Water Budget
Water budget calculations at the Sandy Creek Westwood location were made by
subtracting the water exiting the watershed via discharge and evapotranspiration from the water
that entered the watershed via precipitation on a monthly basis. Assuming annual soil-water
change and anthropogenic discharges to be negligible throughout the year, the difference
between the inflows and outflows is the amount of water that contributed to groundwater as
recharge.
Table 3 shows the monthly balance of inflows and outflows, and amount of recharge to
groundwater. Figure 20 shows the monthly amount of recharge per square meter of area and
follows seasonal trends of increased recharge during the wetter months and unusually wet
months during the summer. Figure 21 shows cumulative recharge totals based on propagation of
measurement errors with high and low estimates for recharge, providing a likely range for the
amount of recharge. Subtracting the amount of water that left the watershed from the water that
entered the watershed produced a total of 0.529 m/m2 of recharge during the course of the study.
40

Table 3 Water budget calculations for the Sandy Creek watershed, Jackson, Tennessee. Inflows (blue) are represented by
monthly and total precipitation values. Outflows (red) are comprised of monthly and total values from evapotranspiration
(ET) and discharge. Recharge values (green) are represented by the monthly and total differences between the inflows and
outflows, expressed as a change in storage, cumulative, and cumulative per square meter of the watershed.
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Figure 20 Monthly recharge values at the Sandy Creek watershed, Jackson, Tennessee.
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Figure 21 Cumulative recharge for the Sandy Creek watershed distributed across the watershed area.

CHAPTER 4: DISCUSSION
4.1 Geomorphic Change in the Sandy Creek Watershed
The geomorphology of the Sandy Creek watershed remained mostly unchanged during
this study. Observational data from monthly site visits provided insight as to how the stream
geometry changed over time. Erosion of stream banks and deposition of sediment caused minor
changes to the morphology of the stream during the study period. While no observations were
made during times when the creek was flowing, movement of fallen tree trunks and large debris
showed evidence of significant discharge events. The streambed is comprised of clean sand
without the fine sediments that would be found if the water drained from the stream slowly,
indicating that the water quickly infiltrates after the flow stops. Photographs taken in the same
reaches of the stream reveal these changes as high intensity rains and stream flows shaped its
morphology.
The overall stream channel morphology remained consistent throughout the study at the
Sandy Creek site. Movement of large objects showed the high energy that large discharge events
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forced upon the area. A deep scour formed in a small portion of the stream adjacent to the SCWW-LT site that was frequently filled with a stagnant pool of water. This is most likely due to a
sill placed of the stream immediately downstream of the low terrace site causing an eddy in the
stream flow that formed the scour. This scour was observed in December 2017 and January
2018, but was filled in by early March 2018. The scour returned in June of 2018 and was not
observed to be filled at the end of the study period in September 2018. Observations of the
stream bed when the scour was not present at the SC-WW site and observations at the SC-MS
site show sand aggradation within the stream channel fluctuated on the order of centimeters over
the course of the study. These observations demonstrate that high energy discharge events easily
carried debris further downstream.
4.2 Sediment Analysis
The upland surface was characterized by silty loam soil horizons that were positioned
above the Memphis Sand as illustrated in Figure 22. Roots throughout the horizons showed that
the upland surface has been stable for years without being reworked by the modern day Sandy
Creek. Silty loam soils on the upland surface showed that vertical infiltration rates would be
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Figure 22 Conceptual model (Simco, 2018) describing the stratigraphy and geomorphic surfaces of the Sandy Creek
watershed, Jackson, Tennessee.

impeded in comparison to soils with coarser grains sizes. Complete soil saturation on the upland
surface could lead to overland flow that would divert water to the channel and infiltrate
vertically. The high terrace is comprised of silty alluvium that is fluvial in origin and overlies the
sandy alluvium and Memphis Sand, as shown in Figure 7 and expressed in the discontinuous low
terrace (Figure 6). Throughout the year, neutron probe data shows little variation of soil moisture
at each depth meaning that water is not able to infiltrate vertically along the soil column (Figure
18). The silt-rich soils along the high terrace likely respond to complete saturation in the same
way that the upland surfaces do, producing overland flow that moves to the low terrace or the
stream bed itself. The low terrace is comprised of sandy loam that overlies the Memphis Sand.
Although discontinuous, the low terrace is hydrologically connected to the streambed via the
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Memphis Sand. This connection allows for more rapid vertical infiltration to groundwater than
exists for the upland surface and the high terrace.
4.3 Stream Incision

Stream incision varied spatially throughout the Sandy Creek watershed, but overall
54.5% of the stream bed is in contact with the Memphis Sand. Incision into the Memphis Sand
allows water in the stream to infiltrate downward into the aquifer much faster than in other areas
of the watershed. Thirty-three percent of the stream bed is incised into the loess and alluvium
that overlies the Memphis Sand, which impedes vertical infiltration due to the finer sediments, a
condition most common in the upland tributaries and in residential neighborhoods. Five percent
of the stream flows over concrete culverts that are built under a street, including the entire
section of the stream bed that flows beneath the medical district of Jackson, Tennessee. These
concrete sections do not allow for any vertical infiltration and lower the amount of recharge to
the aquifer. Seven percent of the stream bed is in contact with riprap, which are seen mostly
immediately upstream from the concrete culvert section under the medical district, at the
headwaters of tributaries, and at the terminus of a recently restored section of the stream. It is
likely these riprap sections were installed to mitigate erosion as they are only placed in areas near
residential and urban areas where runoff may increase erosion. It is unknown if these riprap
sections are in contact with the Memphis Sand due to the riprap section obstructing the
underlying strata.
Stream incision between the SC-WW and SC-MS watershed vary due to the increased
amount of urbanization in the SC-WW watershed compared to the more natural, less urbanized
SC-MS watershed. Most of the Sandy Creek stream bed in the SC-MS watershed is incised into
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the Memphis Sand with only a small portion in the northwestern part of the watershed not being
in contact with the Memphis Sand (Figure 8). Eighty-six percent of the stream in the SC-MS
watershed is in contact with the Memphis Sand, whereas the remaining 14% is in contact with
the loess/alluvium. The loess/alluvium contact is seen in the upper part of the watershed near this
portion of Sandy Creek’s headwaters. No evidence of concrete culverts or riprap sections were
seen in the SC-MS watershed as this area of Sandy Creek in less urbanized. The stream incision
in the SC-WW watershed to the west of the SC-MS watershed shows the streambed is in contact
with the Memphis Sand in or near forested or less urban areas. The stream in the southern
section of the SC-WW watershed flows through a moderate to heavy area of urbanization yet it is
in contact with the Memphis Sand. This is possibly due to the flashy streamflow that Sandy
Creek experiences throughout the year, which would cause faster downward incision over time
allowing the stream to reach the Memphis Sand. The effects of stream incision on recharge show
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that, while the stream bed in SC-MS watershed has greater amount of contact with the Memphis
Sand, there was still less recharge compared to the recharge calculated at the SC-WW site as
seen with the squares in Figure 23. This comparison was done by dividing the annual recharge
per meter (0.53 m/yr) from this study of the SC-WW watershed and the annual recharge per
meter of the SC-MS watershed in 2016 (0.41 m/yr) by Simco (2018), both normalized by their
annual precipitation to evapotranspiration ratio (P/ET). Normalizing the data is required because
recharge was calculated for different years, with the P/ET ratio for SC-WW being 2.82 and SCMS being 2.66. The graph shows that even with the increased amount of contact with the
Memphis Sand in the SC-MS watershed, the annual recharge per area was less than that of the
annual recharge per area calculated at the SC-WW site.
4.4 Land Cover and Impervious Surfaces
The watershed in this study is heavily urbanized compared to the watershed studied by
Simco (2018), which found the SC-MS watershed to be 11% covered by impervious surfaces.
Applying this study’s methods of calculating impervious surfaces to the SC-MS watershed we
find that median percent is 5.3% of the watershed is impervious surfaces. Compare that to the
median percent of impervious surfaces of 16.5% for the SC-WW watershed and it shows an
increase in impervious surfaces. The increase in urban land use changes the hydrological impacts
of the stream observed in this study by increasing evapotranspiration and runoff while decreasing
infiltration. Figure 24 shows the differences in ET between the SC-WW and SC-MS sites. The
entire SC-WW watershed is 45.07% forested where little to no changes have been made to the
natural stream and landscape. These forested areas are where natural infiltration and
evapotranspiration will occur compared to areas of varying developed land cover. The
remaining area of the watershed is classified as developed with the lowest degree being open
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space which covers 28.17% of the watershed area, followed by low intensity (15.49%), medium
intensity (7.04%), and finally high intensity (4.23%). Each class had an increasing amount of
impervious surfaces associated with it, which decreases infiltration and increases
evapotranspiration and runoff. Figure 25 shows how the discharge per unit of watershed area
increases with the amount of impervious surfaces. Runoff created by increased impervious
surfaces in the SC-WW watershed was discharged into the stream via storm water drains and
was recorded as discharge in the stream. The SC-MS site has less impervious surfaces resulting
in a lower normalized discharge per watershed area (Figure 25). This was calculated by
calculating the ratio of total annual discharge to watershed area of each site and dividing that by
the P/ET ratio to normalize it as the data are for differing years.
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Figure 24 Daily ET values calculated from climate data recorded by the weather station at SC-WW and SC-MS sites.

Since the stream bed in Sandy Creek allows water to vertically infiltrate faster than on the high
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terrace and upland areas of the watershed this increased runoff potentially increases the amount
of recharge to the aquifer.

0.4

Discharge/area (m)

0.35
0.3
0.25
0.2
0.15
0.1

0.05
0

0

2

4

6

8

10

12

14

16

18

Percentage Impervious Surfaces
SC-MS

SC-WW

Figure 25 Graph showing the relationship of annual discharge calculated in the stream at SC-MS and SC-WW in relationship
to increased impervious surfaces in the watersheds.

4.5 Climate Data
The Sandy Creek site had more precipitation during the study period from September
2017 through September 2018, with a total of 2288.80 mm, compared to 1902.11 mm recorded
at the weather station at KMKL McKellar-Sipes Regional Airport. Maximum and minimum
temperatures for the year (36.8 and -14.5°C) mimicked 20-year averages at the KMKL weather
station, and the average temperature for the study period (15.6°C) was the same as the typical
average annual yearly temperature at KMKL. Average temperatures recorded at the weather
stations at SC-MS (16.2°C), KTNJACKS16 (17.8°C), and KTNJACKS17 (17.6°C) reflected the
same range of average temperatures seen for the region as well. Precipitation values at the SCWW site were also similar to those recorded at the surrounding weather stations SC-MS,
KTNJACKS16, and KTNJACKS17, which are 1.8, 1.3, and 0.5 km away from the weather
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station at SC-WW, respectively. Despite distances of a few kilometers away, the precipitation
values from the weather stations were within the standard deviation of the data collected from all
stations compared during the study period, as shown in Table 4. For September 2017 through
September 2018, cumulative evapotranspiration calculated at the SC-WW site was 1092.96 mm,
while that calculated at the SC-MS site was 574.48 mm of evapotranspiration. The most likely
reason for these two different values is due to a difference in vegetation at each weather station.
The SC-WW station was placed in an
Table 4 Precipitation data from the SC-WW, SC-MS, KTNJACKS17, KTNJACK16 weather stations.

open yard with no trees to provide protection from solar radiation or wind the ET values were
higher than the ET values calculated at the SC-MS site where the station was in a partially
forested location where it had some protection from solar radiation and wind movement. For this
study and due to the size of the watershed, the average of both weather stations yearly ET total
was used in the water budget as to capture a more representative ET value for the whole
watershed. The average of ET from SC-WW and SC-MS was 833.72 mm and compared to the
six-year average for evapotranspiration from K3JAE’s weather station in Bruceton, Tennessee
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(720.73 mm), located 50 miles away from the study area, was within the 5% error value typically
applied to values calculated by the Penman-Monteith method (Zotarelli et al., 2010). Overall,
weather data collected at the Sandy Creek watershed during the course of this study are
consistent with a temperate humid climate as expected according to the Koppen Climate
Classification System.
4.6 Discharge
Discharge data show that heavy precipitation was required to produce significant
discharge at the terminus of the watershed. The precipitation threshold to produce flowing water
in the stream varied with each event, as factors such as rainfall intensity, soil infiltrability, and
impervious surface cover affect whether the soil is able to absorb all of the incoming water or
whether ponding and overland flow will occur. Precipitation events with short duration and low
intensity are less likely to produce flowing water in the stream bed because the soils within the
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Figure 26 Discharge (red) and precipitation (blue) from June 2018. The yellow boxes on the left and center shows an instance
where 1.0 and 3.2 mm/15 minutes of precipitation fell on the watershed and did not produce any amount of discharge. The
yellow box on the right shows 12.6 mm/15 minutes of precipitation falling on the watershed, producing discharge.

watershed are able to absorb the water that had fallen (Figure 26). The precipitation that fell on
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impervious surfaces in the more urbanized areas of the watershed, during these short duration
and low intensity events, either evaporated before making it to the stream or, once discharged
into the stream, infiltrated into the streambed rather than becoming stream flow. This threshold
for stream flow is illustrated by discharge data from the June 2018 (Figure 26) where 1.0 mm
and 3.2 mm of precipitation fell during discrete events on June 24 and 27 producing no
discharge, presumably due to infiltration on the land surface and evaporation due to the increased
amount of impervious surfaces. A high intensity precipitation even occurred late June 28 to early
June 29 for four hours producing stream flow which is likely due to the night time conditions
when ET is low. More often than not, long duration precipitation events produced discharge in
the creek at a high rate. When sustained low intensity precipitation occurred during the winter
and spring months flowing water in the creek was produced. This is evident in the February 2018
discharge data (Figure 27) where sustained rainfall of less than five mm per 15 minutes fell on
February 9 and 10 produced discharge on several occasions. This was also shown in the February
2018 discharge data (Figure 27) where discharge on February 4 and 8 was
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produced by low intensity prolonged precipitation events with 2.6 mm of precipitation per 15-
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precipitation fell at SC-WW in 2.5 hours resulting in 34,579.11 m3 of discharge over 4.75 hours. The middle event shows
that 17.6 mm of precipitation fell in 0.5 hours producing 9,453.87 m3 of discharge over 3.25 hours. The event on the right
shows 33.4 mm of precipitation fell in 1.25 hours producing 57,248.03 m3 of discharge over 7 hours.
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minute interval. The discharge usually was intense and had a short duration of only

a few hours. A minimum amount of precipitation is needed to produce discharge and when there
is discharge, it does not stay in the stream for long. Figure 28 shows precipitation and discharge
amount and duration of July 4 through July 6. The precipitation that fell on late July 4th to early
July 5th was relatively intense where 44 mm of rain fell in 2.5 hours producing 38.42 m3/s
discharge that lasted 4.75 hours. Similarly, the event that occurred on July 6th was 33.4 mm of
rain falling over 1.25 hours producing discharge that lasted seven hours. The event that occurred
late July 5th into early July 6th had a precipitation event that produced 17.6 mm of rain in half of
an hour which produced discharge that lasted 3.25 hours. This indicated that vertical infiltration
losses to the streambed account for a significant portion of the water that entered the watershed.
During these events where the precipitation threshold was not achieved, the water either
infiltrated into soils in the watershed or was lost to evapotranspiration.
The nature of discharge at the SC-WW site during this study is similar to the findings
from Simco (2018) at the upstream SC-MS site and Bursi (2015) at the rural Pinecrest site.
Stream flow at both sites is ephemeral with flow only present in response to or directly following
large precipitation events. Additionally, seasonality has an effect on discharge response to
precipitation. Dryer months exhibited a subdued response to precipitation, if any discharge was
seen at all. Lower intensity precipitation events during the wet season allowed more time for
infiltration to occur and produce less discharge. Conversely, high intensity events created
overland flow and high amounts of discharge (Bursi, 2015).
4.7 Soil Moisture
Soil moisture data collected by soil moisture probes and neutron probe showed seasonal
trends in soil moisture content. Soil moisture data showed seasonal water storage, with an
increase in soil moisture content during the wetter months than in the dryer months. For a more
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accurate representation of soil moisture available for recharge and to evaluate the impact of
evapotranspiration, the soil moisture probes were installed at 1.0 and 1.5 m depths SC-WW-HT
site. The soil moisture probes showed similar abrupt increases in soil moisture during or just
after precipitation falling on the high terrace at SC-WW. The shallow 1.0 m probe, had a strong
response when rainfall occurred while the deeper 1.5 m probe exhibited a slightly muted
response to the same rainfall event. This is due to the rate at which the soil moisture moves
vertically through the high terrace and due to the composition of the soil, water was retained
between 1.0 and 1.5 m due to ET removing water at a faster rate than water was being
replenished by precipitation. Figure 17 shows that overall soil moisture on the high terrace
increases during the wetter months of the year and begins to slowly decrease during the hotter
summer months. Although the months of June and July in 2018 were wetter than normal, the
sporadic high intensity precipitation events were not close enough together in time to overcome
the intense amount of evapotranspiration of the hot summer months and increase overall soil
moisture. The months of January through March of 2018 show less intense precipitation events
but due to higher frequency of rainfall events allow for the soil moisture to be retained on the
high terrace and infiltrate vertically.
Figure 29 shows comparison between the 1.5 m depth soil moisture probe with
precipitation for the weather stations at the SC-WW-HT and SC-MS-HT sites. The high terrace
soils at both sites had similar soil composed of silty alluvium. The SC-MS-HT probe had more
variability in its response to precipitation when compared to the SC-WW-HT data but the overall
seasonal trend of increasing soil moisture through the wetter months and less moisture in the
dryer months was apparent for both sites. The variability in soil moisture content at the SC-MS
was possibly due to instrument location at each site. The instrument placement at SC-WW was
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located in a small open grass yard adjacent to the stream with no trees or other plants growing
near the instruments. The instrument placement at the SC-MS site was located in a partially
forested area with increased tree growth near the instruments as well as dense kudzu growth
surrounding the SC-MS-HT instrument cluster. The change in vegetation was likely the reason
for the difference in soil moisture retention between the two sites. The SC-MS site experiences
lower soil moisture due to increased interception and transpiration due to the increased amount
and close proximity of vegetation. High evapotranspiration during the summer and fall months
lead to available water being used by the surface vegetation before infiltration was able to occur.
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Figure 29 Data from the 1.5 m deep soil moisture probe and precipitation data from the high terrace weather station at the
SC-WW and SC-MS sites. The soil moisture probe in the high terrace at SC-WW (A) shows over all higher amounts of soil
moisture retention but less response to precipitation SC-WW. The soil moisture probe in the high terrace at SC-MS (B)
shows less soil moisture retention while more response to precipitation at SC-MS.

This is seen in Figure 17 where the 1.0 m probe soil moisture content decreases rapidly while the
1.5 m probe slowly decreases following a precipitation event.
Neutron probe soil moisture measurements show an increase in soil moisture during the
September 2017-September 2018 study year where the SC-WW-HT had an increase of 0.077
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m3/m3 and the SC-WW-LT had an increase of 0.220 m3/m3. The neutron probe data also showed
a seasonal drying trend throughout the year, supporting the soil moisture probe data on the high
terrace at SC-WW (Figures 17 and 18). The SC-WW-HT site had a consistent moisture profile
throughout the year, whereas the SC-WW-LT site showed increased variability during the wetter
part of the year due to its connection with the stream and water table. Winter and spring months
showed higher moisture content at both sites. The SC-WW-LT moisture profiles show an
increase in moisture in the readings taken below the 1.5 m depth throughout the year, particularly
within days following a large precipitation event as the water table level rises. The correlation
between SC-WW-LT soil column infiltration and precipitation events is expressed in Figure 18
where the bulges in water content dissipate from month to month rather than accumulate as is
seen for the SC-WW-HT. This means the water was vertically infiltrating down to the water
table and contributing to groundwater resources. In addition, water levels taken from the well on
the low terrace also showed increased soil moisture when the water table is elevated as opposed
to when it is low. This is not as strong for the high terrace because the soil water concentrations
remain consistent with the amount of saturation in the soil column, suggesting slow infiltration
rates. The slow infiltration was likely due to the magnitude of the soil profile changes of the SCWW-HT being much smaller than the soil profile changes of the SC-WW-LT.
These results are similar to the results found in the study at the SC-MS by Simco (2018)
and at the Pinecrest site (Bursi, 2015), in which seasonal variation in soil moisture content was
observed and influenced by soil texture. Soil moisture probes 1.5 m deep on the high terrace at
SC-WW and SC-MS exhibited soil water storage that was higher during the wetter months and
lower during the drier months. However, the 1.5 m soil moisture probe data at the SC-MS-HT
showed a higher magnitude of response to precipitation events than at the SC-WW-HT. The
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neutron probe data from the SC-WW-LT and SC-MS-LT showed similar results of soil water
storage being higher in the wetter months and lower in the drier months. Results from Bursi
(2015) showed similar findings in that infiltration is limited on the upland surfaces and greatest
where the Memphis Sand is exposed along hillslope incised stream gullies. Similarities in soil
moisture content indicate that locations with comparable geomorphic settings within the recharge
belt of the Memphis Aquifer may behave in a similar way whether in an urban or rural setting.
4.8 Water Table Fluctuations
Transducer data in the SC-WW-LT well showed a seasonal trend in water table elevation,
with increased groundwater levels during the wetter winter and spring months and lower
groundwater levels in the dryer summer and fall months. Figure 30 shows that the water table
fluctuation is closely related to precipitation events and discharge in the stream. As discussed in
previous sections, discharge in the stream only occurs when precipitation of sufficient duration
and magnitude occurs. Figure 31 shows precipitation (Figure 31A) and discharge (Figure31B)
data plotted with water table elevation data from April 22 to April 24, 2018. In Figure 31A on
April 22 between 00:00-12:00 UTC and April 23 1200 through April 24 00:00 the water table
elevation increases with precipitation and no stream flow meaning that the water table on the low
terrace is influenced by water infiltrating through the streambed and low terrace. However, in
Figure 31B the water table fluctuates much more dramatically when there is flow in the stream
on April 22 at 1200 to just after 0600 on April 23. The fluctuations in the water table are
dependent on precipitation duration and intensity much like discharge in the stream is and can be
seen in August - September of 2018 in Figure 32. Extended periods of time where no
precipitation fell allowed for the water table to fall. Short small intensity precipitation events
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were able to increase the water table elevation but were much less significant than intense or
long precipitation events that produced stream flow.

Oct-17

Nov-17

Dec-17

Ja n-18

Feb-18

Ma r-18

Apr-18

Ma y-18

Jun-18

Jul -18

Aug-18

Sep-18

Figure 30 Water table elevation in meters above sea level (black) from the SC-WW-LT well located, discharge in m/s3 (red),
and precipitation recorded from the weather station SC-WW-HT.

These rises and falls in the water table are likely due to a mounding effect created just
below the stream bed during wetter times of the year. Previous studies from the upstream site
(Simco, 2018) and Pinecrest (Bursi, 2015) show that water infiltrating downward from the high
terraces and upland surfaces does not recharge the groundwater as well as infiltration through the
sandy bottom stream beds incised into the Memphis Sand. Mounding of groundwater beneath the
streambed is likely to migrate laterally from the streambed contributing recharge to the aquifer.
The elevation of the water table and stage height relative to the elevations of the stream bed and
SC-WW-LT surfaces are plotted in Figure 33. This figure shows that the water table elevation
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Figure 31 SC-WW water table elevation in relation to precipitation (A) and discharge (B) during April 22-April 24 2018.
Graph A shows that the water table elevation increases as precipitation falls on the SC-WW site. Graph B shows the water
table elevation increasing without discharge being present in the stream but when there is discharge in the stream is when the
water table increases substantially.

only rises above the elevation of the stream bed during stream flow events with high levels of
stage height and quickly fell back down in elevation to below the stream bed. These data show
that the water table below the SC-WW-LT experiences mounding during large precipitation
events that produce large stream flow but as the stream flow quickly dissipates so does the water
table level. The scour at the SC-WW site was usually full, semi full, or completely dry
depending on when the last precipitation event happened. This scour when filled or partially
filled could have been water slowly infiltrating downward or the exposed groundwater table
beneath the stream bed (Figure 33).
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Figure 32 August – September 2018 SC-WW water table elevation in relation to precipitation (A) and discharge (B).
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Figure 33 Elevation of the water table (black) and stage height (green) at the SC-WW site in comparison to the surface
elevation of the stream bed (purple) and the low terrace (orange). The shapes at the bottom denote what condition the stream
bed was during that visit. The circles (blue) is when there was no scour, the square (teal) is when the scour was dry, the
triangles (pink) when the scour was full of water, and the diamond (red) is when the scour was partially full of water.
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4.9 Water Budget
Water budget results for the study period yielded a net positive recharge value to
groundwater resources. Recharge values were calculated using data collected throughout the
study, but possible errors in the measurements may not have been fully accounted. In an effort to
account for these errors, estimates for recharge were also made using high and low estimations
for each measurements by +/-10% error when calculating discharge values, and +/-5% error was
assigned to evapotranspiration; error in precipitation values were considered negligible. This
produced a range in which the true recharge value for the watershed would likely fall. The
highest amount of recharge was estimated to be 0.94 m of recharge/m2 of watershed area and the
lowest was estimated to be 0.12 m. Recharge estimates varied monthly throughout the study, as
shown in Figure 19. February 2018 had the most recharge and initiated the start of the watershed
continuously gaining moisture rather than losing, which continued until August 2018. This
positive addition to groundwater is due to there being sufficient precipitation to overcome
evapotranspiration. However, September through November 2017, and August 2018,
experienced a deficit of water input due to lower precipitation and higher ET. January 2018
experienced a water input deficit possibly to below freezing conditions during the early part of
the month.
Cumulative monthly recharge estimates (Figure 20) were made using the assumption of
no annual gain or loss of soil moisture. Neutron probe data were used to compare conditions
from the beginning and end of the study period to test this assumption. Neutron probe data from
the high terrace was the most appropriate for this comparison because the majority of the
watershed is comprised of materials similar to those at this location. Data from the high terrace
showed a retention in soil moisture of 0.77 m3 during the study year, which was applied across
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the entire watershed. Including this into the equation for recharge provided a new annual
recharge estimate of only 0.30 m recharge/m2 of watershed area. Distributing 0.77 m3 of soil
moisture retention throughout the watershed overestimates the influence of soil moisture storage
due to the large amount of impervious surface in the watershed. The watershed in this study is
45.07% covered by forest which would allow for this soil moisture retention value to applied
there. The developed areas of the watershed likely reduce the value of soil moisture retention due
to reduced infiltration and increased runoff caused by impervious surfaces covering the soil.
Reduction of infiltrated water would allow for more water to evaporate or become runoff that
flows into Sandy Creek, ultimately increasing potential recharge.
Compensating for potential errors in data analysis and calculation result in potential
recharge rates at the SC-WW site from 0.12 m/year to 0.94 m/year. The previous study done on
the upstream portion of Sandy Creek using similar methods resulted in potential recharge values
between 0.24-0.52 m/year for its watershed (Simco, 2018). The estimated range for potential
recharge calculated by Simco (2018) fall within the range found in this study. The difference in
ranges are likely due to the propagation of errors over a larger area resulting in a larger error
range. Numerical groundwater modeling in Jackson, Tennessee, by Bailey et al. (1993)
produced an average recharge rate of 0.229 m/yr, which is in the range found in this study and
provides a direct comparison because Sandy Creek is within the study area of Bailey et al.
(1993). Waldron et al. (Unpublished) using the vadose-zone Chloride Mass Balance method to
predict recharge rates at the rural Pinecrest site located in the recharge belt of the Memphis
Aquifer in Southwest Tennessee. Results from that study produces a potential recharge range of
0.027 m/yr to 0.0096 m/yr which are considerably lower than those found by Bailey et al. (1993)
and Simco (2018). Inconsistencies between the recharge rates in Jackson, Tennessee and those
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found by Waldron et al (Unpublished) are worth noting, but are reasonable considering the deep
erosion at the Sandy Creek site. The study conducted by Gentry et al. (2006) found rates of
recharge through a hydraulic window in the Memphis area ranged between 0.50 m/yr to 1 m/yr.
These rates are higher than the other recharge studies done in western Tennessee but match up
rather closely with the primary to high estimate found in this study at SC-WW. These similar
recharge rates are likely due to both studies sites being located in urban areas and a defined
hydraulic connection to the Memphis Sand formation. The increased runoff and lowered
infiltrability caused by the urbanization causes precipitation to flow into stream channels rather
than slowly infiltrate downward through the upland soils.
CHAPTER 5: CONCLUSIONS
The Memphis aquifer is the primary groundwater resource for western Tennessee,
providing up to 180 million gallons of water per day (Brahana, 1987). Despite the aquifer’s
importance, the recharge processes in the unconfined region, where the Memphis Sand is
exposed at the surface, are not well understood. Quaternary loess and paleosols on the upland
surfaces in the exposure belt may limit recharge (Larsen and Brock, 2014). Incised stream
locations where the underlying Memphis Sand is exposed could possibly provide for faster rates
of infiltration, and potential recharge (Waldron et al., 2008). Recharge beneath hilltop surfaces
has been hypothesized to take up to 100 years (Waldron et al., 2008). This study used several
techniques to monitor hydrological processes within an incised urban watershed in the exposure
belt of the Memphis aquifer in Jackson, Tennessee. Physical observations of precipitation, soil
and surface water, stream incision were used to clarify the understanding of how recharge occurs
in the unconfined region of the Memphis aquifer in an urban area.
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Measurement of climate data and stream discharge in the SC-WW watershed support the
hypothesis that Sandy Creek is an ephemeral stream that loses significant and measurable flow to
stream bed infiltration. While Sandy Creek’s stream bed is dry for the majority of the year, major
precipitation events result in large amounts of discharge that usually only last a few hours, due to
losses to stream bed infiltration. The water table responds to precipitation events whether or not
discharge is produced in the stream, however, the response of the water table is much more
significant when there is discharge occurring in the stream. Slightly over half of the stream
channel in the SC-WW watershed was found to have incised down far enough to establish
contact with the Memphis sand allowing for more water to become recharge.
The increased amount of impervious surfaces in SC-WW as compared to SC-MS caused
water to, if not evaporated, become surface runoff and enter the stream, increasing potential
recharge instead of slowly infiltrating through the silty soil. The change in soil moisture for SCWW was less than that reported in 2016 by Simco (2018) and is due to the increase in
impervious surfaces as water was impeded from infiltrating into the soil in areas of urbanization.
The overall change in soil moisture calculated from neutron probe measurements on the SCWW-HT is likely an overestimation as the urban areas in the SC-WW watershed have little to no
moisture retained in the soil.
Soil moisture measurements show increased water retention during parts of the year with
prolonged precipitation events. Pulses of water migrate through the SC-WW-LT after significant
precipitation events as indicated in the soil moisture and water table elevation data. The highterrace soil moisture data suggest little change in soil moisture and minimal vertical water
movement throughout the year. During months with little to no precipitation, such as summer
and fall months, soil moisture deficit is observed (Figure 17). Soil moisture probe data show a
66

seasonal drying trend where soil moisture decreases during September-October 2017 and MaySeptember 2018; conversely throughout November 2017-April 2018 soil moisture slowly
increases as more precipitation occurs during the winter and spring months.
Water budget data show that recharge is contributed to groundwater resources on a
continual basis. The watershed in this study is a little more than half covered by urbanization and
the remaining area is forested or open fields on loess-covered terraces and uplands, which are not
hydraulically connected to the Memphis Sand. Streambed losses during discharge events
produce recharge to the Memphis aquifer through stream sediments that are hydrologically
connected to the underlying Memphis Sand. Considering potential soil moisture retention on a
yearly basis, recharge contributions are decreased; however, increased urbanization will increase
runoff, favoring a decrease in soil moisture retention. This difference in the watershed allows
water to bypass the slow pathway of infiltrating down to the water table through the high terrace
and uplands and be funneled into the stream where is can it can rapidly infiltrate through the
streambed sediments to the Memphis Sand. This study confirms results from the upstream study
of Sandy Creek that showed sandy streambed sediments in connection with the Memphis Sand
allow for water to quickly infiltrate through the stream bed and recharge the Memphis Sand
(Simco, 2018). The range of rates found in this study are similar to the recharge estimates of
Simco (2018) and Bailey (1993) and are significant as their studies were conducted in the same
region. The results of this study will be used as a pre-restoration water budget and will be
compared to future water budget studies done on Sandy Creek post-restoration to analyze the
effects of stream restoration on recharge to the Memphis aquifer.
As cities grow in West Tennessee so does urbanization and its effect on the environment.
This study observed at how recharge is effected by stream incision and impervious surfaces and
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their effect on recharge to Memphis aquifer. Future studies should aim to more accurately
quantify impervious surfaces in Jackson, Tennessee, and installation of a more robust
groundwater monitoring well network would allow for more detail as to how urbanization effects
recharge in urban environments. These future studies of Sandy Creek in Jackson, Tennessee will
be beneficial in understanding recharge to the Memphis aquifer in urban areas and help city
officials and developers make environmentally informed decisions that will not hinder
recharging this precious natural resource.
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APPENDIX
A. Soil Grain-Size Analysis Method
1. Obtain 6 250 mL Erlenmeyer flasks of similar shape and size and weigh them
individually and record their weights and set them aside
a. Only 6 samples can be processed at a time due to spatial restraints on the shaker
2. Place approximately 3 scoops of the sample into a 50/50 splitter that will result in a
randomized sample.
a. Return the other half of the split sample to the original sample bag
b. Clean the splitter thoroughly after each use
3. Remove the stopper from the sample flask and place the flask on the scale
4. Zero out the scale with the flask on it
5. Using a funnel with a wide terminus, pour approximately 50g into the flask and record
the amount
6. Put the stopper back onto the flask and reweigh the whole thing to get the weight of the
sample, the flask, and the stopper.
7. Add 10 mL of 50g/L Na Pyrophosphate to each sample in the flasks.
8. Add 40 mL of deionized water to each sample in the flask
9. Make sure that the stoppers are tightly affixed to the flasks to prevent spilling during the
shaking process.
10. Arrange the flasks in the shaker with 3 on each row. Secure the flasks by tightly fitting
the padded bars around them so they will not come loose. If necessary, place cardboard
or bubble wrap between the bases of the flasks on the same row.
11. Remove one flask from the shaker to begin the wet sieving process. Continue shaking
the other samples.
12. To prepare for the wet sieving process:
a. Obtain:
i. at least 2 600 mL beakers per sample
ii. 1 250 mL beaker for each sample.
iii. 1 4 phi size sieve
iv. 1 large funnel (big enough to fit the sieve inside of it)
b. Place the sieve into the funnel
c. Place one of the 600 mL beakers into the sink and position the funnel above it.
13. Pour the sample mixture into the sieve and rinse out the flask to make sure that all of the
sample is being sieved.
14. Using a slow stream of water, gently let the water move through the sample and the sieve.
a. The goal is to use as little water as possible because it will have to be evaporated
later
15. Wash the sample through the sieve until the water coming out of the sieve is clear,
meaning that all of the fines have been filtered through the sieve.
a. If the beaker gets full, replace it with another beaker, but do not let it overflow
b. Retain all water from the wet sieving process to insure that no sample is lost.
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16. Once the water coming out of the sieve is clean, rinse the sample that remains in the sieve
into a 250 mL beaker.
17. Place the 600 mL beaker, 250 mL beaker, and the organics tray into a 60 C oven for at
least 12 hours.
18. Remove all three from the oven after 12 hours and weigh them.
19. The 600 mL beaker weight will be subtracted from the weight of the beaker and the dried
sample to obtain the weight of the FINES fraction.
20. Prepare a set of sieves that ranges in size from -2 phi to 4 phi in 0.5 phi increments.
21. Pour the contents of the 250 mL beaker into the sieves and place them into the shaker for
at least 3 minutes. It may be necessary to split the sieves into two sets if there is not
enough room in the shaker.
22. After the shaking period, remove the sieves and remove the sample that is present within
each one and weigh that sample using an empty tare. Remove any organics from these
sieves and add them to the organics tray that will be weighed after each sieve size sample
is processed and weighed.
23. This will result in the SAND and ORGANICS fractions for the sample.
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B. Cumulative Grain Size Curves
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